SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, KUNIHIRO AKIYOSHI , a 
citizen of Japan residing at Fukuoka, Japan, TSUTOMU 
OHISHI, a citizen of Japan residing at Fukuoka , Japan, 
YUUKO SUGIURA, a citizen of Japan residing at Tokyo, 
Japan, KATSUHIKO NAKAGAWA a citizen of Japan residing 
at Fukuoka, Japan and MITSUO ANDO, a citizen of Japan 
residing at Fukuoka, Japan have invented certain new 
and useful improvements in 

IMAGE FORMING APPARATUS, INFORMATION PROCESSING 
APPARATUS, PROGRAM EXECUTION METHOD AND 
PROGRAM PRODUCING METHOD 

of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image 
forming apparatus and an information processing 
5 apparatus to improve efficiency of development of 
programs and efficiency of execution of programs. 

2. Description of the Related Art 
Recently, an image forming apparatus (to be 

referred to as a compound machine hereinafter) that 
10 includes functions of a printer, a copier, a facsimile, 
a scanner and the like in a cabinet is generally known. 
The compound machine includes a display part, a 
printing part and an image pickup part and the like in 
a cabinet. In the compound machine, three pieces of 
15 software corresponding to the printer, copier and 
facsimile respectively are provided, so that the 
compound machine functions as the printer, the copier, 
the scanner and the facsimile respectively by switching 
the software. 

20 According to such a conventional compound 

machine, an operation panel is provided for the user to 
operate the compound machine. The operation panel 
includes an operation display part (LCD panel) for 
displaying an operation screen and for performing touch 

25 operation. According to such a conventional compound 
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machine, since capabilities that are provided to the 
user are predetermined, operations performed by the 
user for the compound machine are not largely changed. 
Thus, it is not necessary to customize the display 
5 screen and touch operations on the operation display 
part. Thus, customizing capability for the operation 
display part. is not provided for the conventional 
compound machine . 

Since the conventional compound machine is 

10 provided with pieces of software for the printer, the 
copier, the scanner and the facsimile individually, 
much time is required for developing the software. 
Therefore, the applicant has developed an image forming 
apparatus {compound machine) including hardware 

15 resources, a plurality of applications, and a platform 
including various control services provided between the 
applications and the hardware resources. The hardware 
resources such as a display part, a printing part and 
an image pickup part are used for image forming 

20 processing. The applications perform processing for 
user services corresponding to printer, copier and 
facsimile and the like. The platform includes various 
control services performing management and execution 
control of hardware resources necessary for at least 

25 two applications commonly, and performing image forming 
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processing. The processing performed by the control 
services can be called system side processing. 

According to such a new compound machine, the 
applications and the control services are provided 
5 separately. Thus, after the compound machine is 

shipped, users or third party venders can develop new 
applications to install in the compound machine. By 
doing so, various functions can be provided. 

Therefore, it may be necessary to provide 

10 capabilities different from the predetermined 

capabilities for operation of the operation display 
part for new applications. Thus, it is necessary to 
customize operation of the operation display part. 
This problem is not a problem for the; conventional 

15 compound machine in which external application can not 
be installed after shipment of the compound machine. 

It can be considered to customize the 
operation display part by writing source code when 
developing the external application. That is, 

20 execution processing associated with touch operation of 
the display part is developed while developing the 
external application itself. In this case, from the 
view point of efficiency of development of the program, 
it is desirable to develop the external application 

25 while verifying the operation of the application in the 
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compound machine. In this case, every time when there 
is a problem in the application, source code needs to 
be amended, recompiled, re-linked, and the application 
program needs to be installed in the compound machine 
5 again, then, the operation of the program needs to be 
verified again. According to this procedure, 
efficiency of development of the program is not good. 

This problem is not limited to customizing 
of the operation display part. Generally, it is 

10 inefficient to produce a program by using a PC while 
verifying the program by using the compound machine. 
In addition, for executing an application, it is 
necessary to store the application in the compound 
machine from the PC in which the application is 

15 developed. Thus, in addition to developing an 

application efficiently, it is necessary to store and 
execute the application in the compound machine 
efficiently in order to improve the convenience of 
users . 

20 

S UMMARY OF THE INVENTION 

An object of the present invention is provide 
an image forming apparatus and an information 
processing apparatus to improve efficiency for 
25 developing an application program and to improve 
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efficiency for executing the application program. 

The above object is achieved by an image 
forming apparatus, including: 

a program obtaining part for sending a screen 
5 data for inputting a program to a client terminal, and 
receiving the program from the client terminal; and 

a program execution part for executing the 
program received by the program obtaining part. 

According to the present invention, a program 
10 can be added or amended from an input screen of the 
client terminal, and the program can be executed 
without compiling. Thus, the operation of the program 
can be easily tested. Therefore, the program can be 
easily developed. 
15 The above-object is also achieved by an 

information processing apparatus used for developing a 
program to be executed on an image forming apparatus , 
the information processing apparatus including: 

an execution part for interpreting and 
20 executing the program; 

an emulator for causing the information 
processing apparatus to perform processing 
corresponding to that to be performed by the image 
forming apparatus according to instructions of the 
25 program. 
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According to the present invention, since the 
emulator causes the information processing apparatus to 
emulate the image forming apparatus, the test of the 
program can be performed on the information processing 
5 apparatus, so that efficiency of development of the 
program improves . 

The above-object is also achieved by an image 
forming apparatus that includes service modules for 
performing system side processing on image formation, 
10 wherein applications can be added to the image forming 
apparatus separately from the service modules, the 
image forming apparatus comprising: 

a virtual machine for executing an 
application ; and 
15 an application management part for managing 

the application executed by the virtual machine. 

According to the present invention, an 
application executed on the virtual machine can be 
executed in the image forming apparatus. Generally, 
20 since the virtual machine absorbs differences of 

machine models, the application can be easily executed 
on the image forming apparatus . 

In addition, according to the present 
invention, an information processing apparatus 
25 including a utility library that is implemented in a 
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program is provided, 

wherein the program includes nested modules 
in which each module is based on a state transition 
model , 

5 wherein, in the state transition model, 

operation of the program is determined according to a 
first state of the program, an event for the program in 
the state, an event function to be executed when the 
event occurs in the state, and a second state 

10 transferred from the first state after the event 
function is executed, 

wherein the utility library includes a state 
transition model launch function that assigns areas 
each for a module to a shared variable shared by the 

15 modules . 

According to the present invention, the 
shared variable shared among the modules can be used 
safely, and failure due to values of the variables can 
be prevented., so that the information processing 
20 apparatus operates stably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from the 
25 following detailed description when read in conjunction 
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with the accompanying drawings, in which: 

Fig.l is a block diagram showing a main 
configuration of the compound machine and the network 
configuration according to the first embodiment; 
5 Fig. 2 is a block diagram of the compound 

machine 100 according to the first embodiment; 

Fig. 3 shows an example the hardware 
configuration of the compound machine 100 according to 
the first embodiment; 
10 Fig. 4 shows a flowchart showing a process 

procedure in the compound machine that receives the 
request message; 

Fig. 5 is a flowchart showing the operation by- 
debug, cgi ; 

15 Fig. 6 is a flowchart showing an operation of 

the programming service 132 when one of the storing 
button, execution setting button and test execution 
button is clicked in the programming screen 201; 

Fig. 7 shows an example of the programming 
20 screen 201; 

Fig. 8 shows an example of the customize 
program according to the first embodiment; 

Fig. 9 shows an example of the names of the 
customize programs stored in the customize directly; 
25 Fig. 10 shows an example of the key 
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association table ; 

Fig. 11 shows a flowchart showing a procedure 
from power on of the compound machine 100 to the 
execution of the customize program; 
5 Fig. 12 is an example of the launch setting 

file 211; 

Fig. 13 is a block diagram showing the main 
configuration of the compound machine of the second 
embodiment ; 

10 Fig. 14 shows an example of the programming 

screen 1101 of the second embodiment; 

Fig. 15 is a block diagram showing the 

functional configuration of the compound machine 1300 

according to the third embodiment; 
15 Fig. 16 is a flowchart showing a procedure 

from power on .of the compound machine 1300 to the 

completion of assigning the button; 

Fig. 17 shows an example of the launch setting 

file 211 used in the third embodiment; 
20 Fig. 18 shows an example of the button setting 

screen ; 

Fig. 19 shows a network configuration 
including a compound machine 1700 of the fourth 
embodiment ; 

25 Fig. 20 shows a block diagram showing a 
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functional configuration of the compound machine 1700; 

Fig. 21 shows an example of the launch setting 
file according to the fourth embodiment; 

Fig. 22 shows a block diagram of the 
5 functional configuration of the compound machine 
according to the fifth embodiment ; 

Fig. 23 shows an example in which a VB 
application is developed by using the Visual Basis 
development environment on the PC 200; 
10 Fig. 24 shows an example of a VB application; 

Fig. 25 shows an example of a VB application; 

Fig. 26 shows a block diagram of the compound 
machine 1900 of the sixth embodiment; 

Fig. 27 shows the configurations of the Java 
15 development environment in the PC and the Java 

execution environment in the compound machine 1900; 

Fig. 28 shows the Java execution environment 
in the compound machine 1900; 

Fig. 29 shows a network configuration 
20 including a Web server; 

Fig. 30 shows a flow of Java application 
development ; 

Fig. 31 shows another example of Java 
development environment ; 
25 Fig. 32 shows an operation panel screen 
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displayed on the ■ PC by the emulator; 

Fig. 33 shows a screen when the emulator 
executes loader capability; 

Fig. 34 shows a hierarchical structure of the 
5 operation panel classes; 

Fig. 35 is a figure for explaining classes for 
producing a window; 

Fig. 36 is a sample Java application; 

Fig. 37 shows execution result of the Java 
10 program shown in Fig. 36; 

Fig. 38 shows a conceptual illustration from 
upload to download of the Java application; 

Fig. 39 is a flowchart showing processing 
procedure of the loader; 
15 Fig. 40 shows a screen of the loader displayed 

on the compound machine; 

Fig. 41 shows a load application window; 

Fig. 42 shows a list of Java application 
displayed by the loader; 
20 Fig. 43 shows a window for changing update 

interval; 

Fig. 44 shows a window for unloading current 
application ; 

Fig. 45 shows a procedure for connecting 
25 applications; 
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Fig.46 shows a configuration in the the 
process of the external application 117 according to 
the seventh embodiment; 

Fig. 47 shows the state transition when the 
5 external application has state 1 and state 2; 

Fig. 48 shows an example of modules having a 
nest structure in the external application; 

Fig. 49 is an example of definition part of 
the source code of the external application; 
10 Fig. 50 is an example of a function definition 

part in the source code of the external application; 

Fig. 51 is a flowchart showing the process 
procedure of the state transition model launch function 
StMachine ( ) ; 

15 Fig. 52 shows the allocation state of the 

areas of the shared variables; 

Fig. 53 shows another flowchart showing a 
process procedure of the state transition model launch 
function StMachine (). 

20 

DETAILED QF.SCRTPTTON OF THE PREFE TCH EMBODIMENTS 

In the following, the image forming apparatus 
according to embodiments of the present invention will 
be described. 
25 (First embodiment) 
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Fig.l is a block diagram showing a main 
configuration of the image forming apparatus (to be 
referred to as "compound machine" hereinafter) and a 
network configuration. The compound machine 100 of the 
5 first embodiment is connected to the Internet. In this 
configuration, a customize program for the compound 
machine can be input from a client terminal such as a 
. PC (personal computer) connected to the Internet, and 
debugging of the program can be performed from the PC. 

10 As shown in Fig.l, the compound machine 100 

and the PC 200 are connected by the Internet 220, in 
which TCP/IP is used for the communication protocol. 
The compound machine 100 includes a compound machine 
initializing part 129, a program launching part 131, a 

15 programming service 132, an interpreter 134, a NCS 

(network control service) 128, httpd (http daemon) 106, 
a shared memory 105 and a HDD 103. 

The programming service 132 displays a 
programming screen 201 on a Web browser of the PC 200 

20 and receives a customize program from the programming 
screen 201, in which the programming screen 201 is a 
Web page formed by a http file. In addition, the 
programming service 132 stores the customize program 
input from the PC in a customize directory 212 produced 

25 as a customize area of the HDD 103. In addition, the 
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programming service 132 registers the customize program 
in the after-mentioned launch setting file 211 such 
that the customize program is executed on the compound 
machine 100. 

5 The http file is transferred between the 

programming service 132 and the Web browser of the PC 
200 according to a http protocol. Therefore, the 
programming service 132 has a function of a Web server 
(http server) . 

10 The customize program is written by using a 

language that can be interpreted by an interpreter. 
More specifically, the customize program is a shell 
script of UNIX. 

The interpreter 134 interprets and executes 

15 the customize program step by step. In this embodiment, 
the interpreter 134 is the shell (bsh, csh and the 
like) that executes a shell script. The shell 134 is 
separated from the kernel 135 of the UNIX operating 
system. 

20 The program launching part 131 launches the 

external application 117 installed in the HDD 103 if 
diagnosis result for the HDD 103 is normal. In 
addition, the program launching part 131 launches the 
external application stored in a recording medium such 

25 as an IC card. 
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The compound machine initializing part 129 is 
a process initially launched on the general OS 121. 
The compound machine initializing part 129 launches 
control services, applications 130 (excluding the 
5 external application) and the program launching part 
131 . 

The NCS 128 controls communication via a 
network, and the NCS 128 notifies the programming 
service 132 that the NCS 128 has received a request 

10 message from the httpd 106. 

The httpd 106 is a process (daemon) included 
in the operating system. The httpd 106 always monitors 
the port number 80 to receive a request message, and 
sends a response message. The structure of the request 

15 message and the response message is the same as that of 
a message of a normal http protocol, in which each 
message includes a message body described in a html 
format. The httpd 106 notifies the NCS 128 that the 
httpd 106 has received a request message from the 

20 Internet, and stores the request message in the shared 
memory 105. 

The shared memory 105 is used for performing 
interprocess communication between the httpd 106 and 
the programming service 132. The request message and 
25 the response massage are sent and received via the 
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shared memory. 

The HDD 103 stores the launch setting file 
211, and stores the customize program in the customize 
directory 212. 
5 The PC 200 is a client terminal of the 

programming service that is a server. On the PC 200, 
the Web browser is running. The Web browser displays 
the programming screen 201 or other screens on a 
display of the PC 200, in which the programming screen 

10 201 is sent from the programming service 132 by using 
the http protocol. On the Web browser, a user can 
input data . 

In the following, the functional 
configuration of the compound machine 100 of the 

15 present embodiment will be described. Fig. 2 is a block 
diagram of the compound machine 100. As shown in Fig. 2, 
the compound machine 100 includes hardware resources 
and a software group 110. The hardware resources 
include a black and white line printer (B&W LP) 101, a 

20 color laser printer 102, a hard disk drive 103, and 
other hardware resources 104 such as a scanner, a 
facsimile, a hard disk, memory (RAM, NV-RAM, ROM and 
the like) and a network interface. The software group 
110 includes a platform 120, applications 130, the 

25 compound machine initializing part 129 and the program 
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launching part 131 and the progranuning service 132. 

The platform 120 includes control services 
for interpreting a process request from an application 
to issue acquiring requests to the hardware resources, 
5 a system resource manager (SRM) 123 for managing one or 
more hardware resources and arbitrating the acquiring 
requests from the control services, and a general- 
purpose OS 121 . 

The control services include a plurality of 

10 service modules, which are a system control service 
(SCS) 122, an engine control service (ECS) 124, a 
memory control service (MCS) 125, an operation panel 
control service (OCS) 126, a fax control service (FCS) 
127, and a network control service (NCS) 128. The 

15 programming service 132 is included in the control 
service layer. In addition, the platform 120 has 
application program interfaces (API) that can receive 
process requests from the applications 130 by using 
predetermined functions . 

20 The general purpose OS 121 is a general 

purpose operating system such as UNIX, and can execute 
each piece of software of the platform 120 and the 
applications 130 concurrently as a process. 

The process of the SRM 123 is for performing 

25 control of the system and performing management of 
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resources with the SCS 122. The process of the SRM 123 
performs arbitration and execution control for requests 
from the upper layer that uses hardware resources 
including engines such as the scanner part and the 
5 printer part, the memory, the HDD file, the host I/Os 
(Centronics I/F, network I/F IEEE1394 I/F, RS232C I/F 
and the like) . 

More specifically, the SRM 123 determines 
whether the requested hardware resource is available 

10 (whether it is not used by another request) , and, when 
the requested hardware resource is available, notifies 
the upper layer that the requested hardware resource is 
available. In addition, the SRM 123 performs 
scheduling for using hardware resources for the 

15 requests from the upper layer, and directly performs 
processes corresponding to the requests (for example, 
paper transfer and image forming by a printer engine, 
allocating memory area, file generation and the like) . 
The process of the SCS 122 performs 

20 application management, control of the operation part, 
display of system screen, LED display, resource 
management, and interrupt control for applications. 

The process of the ECS 124 controls engines 
of hardware resources including the white and black 

25 line printer (B&W LP) 101, the color line printer 
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(Color LP) 102, the scanner, and the facsimile and the 
like. The process of the MCS 125 obtains and releases 
an area of the image memory, uses the hard disk device 
(HDD) , and compresses and expands image data. 
5 The process of the FCS 127 provides APIs for 

sending and receiving of facsimile from each 
application layer by using PSTN/ ISDN network, 
registering/referring of various kinds of facsimile 
data managed by BKM (backup SRAM) , facsimile reading, 
10 facsimile receiving and printing, and mixed sending and 
receiving . 

The NCS 128 is a process for providing 
services commonly used for applications that need 
network I/O. The NCS 128 distributes data received 

15 from the network by a protocol to a corresponding 
application, and acts as mediation between the 
application and the network when sending data to the 
network. More specifically, the process of the NCS 128 
includes server daemon such as ftpd, httpd, lpd, snmpd, 

20 telnetd, smtpd, and client function of the protocols. 

The process of the OCS 126 controls an 
operation panel that is a means for transferring 
information between the operator (user) and control 
parts of the machine. In the compound machine 100 of 

25 the embodiment, the OCS 126 includes an OCS process 
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part and an OCS function library part. The OCS process 
part obtains an key event, which indicates that the key 
is pushed, from the operation panel, and sends a key 
event function corresponding to the key event to the 
5 SCS 122. The OCS function library registers drawing 
functions and other functions for controlling the 
operation panel, in which the drawing functions are 
used for outputting various images on the operation 
panel on the basis of a request from an application 

10 that has control right or from the control service. 

When the application is developed, functions in the OCS 
function library are linked to an object program that 
is generated by compiling a source code file of the 
application, so that an executable file of the 

15 application is generated. All of the OCS 126 can be 

configured as a process, or can be configured as an OCS 
library. 

The application 130 includes a printer 
application 111 that is an application for a printer 

20 having page description language (PDL) and PCL and post 
script (PS), a copy application 112, a fax application 
113 that is an application for facsimile, a scanner 
application 114 that is an application for a scanner, a 
network file application 115 and a process check 

25 application 116. 
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Interprocess communication is performed 
between a process of the application 130 and a process 
of the control service, in which a function is called, 
a returned value is sent, and a message is sent and 
5 received. By using the interprocess communication, 
user services for image forming processes such as 
copying, printing, scanning, and sending facsimile are 
realized. 

As mentioned above, the compound machine 10 0 
10 of the first embodiment includes a plurality of 

applications 130 and a plurality of control services, 
and each of those operates as a process. In each 
process, one or more threads are generated and the 
threads are executed in parallel. The control services 
15 provide common services to the applications 130. User 
services on image formation such as copying, printing, 
scanning and sending facsimile are provided while the 
processes are executed in parallel and the threads are 
executed in parallel, and interprocess communication is 
20 performed each other. A third party vendor can develop 
an external application for the compound machine 100, 
and can executes the application in an application 
layer on the control service layer in the compound 
machine 100. 

25 In the compound machine 100 of the first 
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embodiment, although processes of applications 130 and 
processes of control services operate, the application 
and the control service can be a single process. In 
addition, each application in the applications 130 can 
5 be added or deleted one by one. 

In addition, the compound machine 100 
includes an installer. The installer is used for 
installing the external application developed by the 
third party into the HDD 103. Then, the program 

10 launching part 131 launches the external application 
from the HDD 103. The preinstalled applications such 
as the printer application, control services, HDD 
diagnosing part 132, and the program launching part 131 
are embedded in the flash memory. The preinstalled 

15 programs are launched by the compound machine 

initializing part 129 when the compound machine is 
powered on. 

Fig. 3 shows an example of the hardware 
configuration of the compound machine 100. 

20 The compound machine 100 includes a 

controller 160, an operation panel 175, a fax control 
unit (FCU) 176, and an engine part 177 that is hardware 
resource such as a printer that is specific for image 
forming processing. The controller 160 includes CPU 

25 161, a system memory 162, a north bridge (NB) 163, a 
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south bridge (SB) 164, ASIC 166, a local memory 167, 
HDD 168, a network interface card (NIC) 169, a SD card 
slot 170, a USB device 171, an IEEE1394 device 172, and 
a Centronics 173. The memories 162, 167 may includes 
5 RAMs and/or ROMs, for example. The FCU 176 and the 
engine part 177 are connected to the ASIC 166 in the 
controller via a PCI bus 178. The CPU 161 executes 
programs of the application and control services and 
the like installed in the compound machine 100 by 

10 reading from a RAM . 

In the following, the method of producing a 
program for the compound machine 100 will be described. 
First, the user launches the Web browser on the PC 200. 
Then, the user specifies a URL (for example, 

15 http://www.xxx.yyy/zzz/debug.htm) of the programming 

screen in the compound machine 100, so that the PC 200 
accesses the programming service 132 of the compound 
machine 100. The programming service 132 accessed by 
the Web browser displays the programming screen 201 

20 (debug.htm) on the Web browser of the PC 200. 

Fig. 7 shows an example of the programming 
screen 201. As shown in Fig. 7, the programming screen 
201 includes a program input field, a reference button, 
an upload button, a storing button, a delete button, a 

25 test execution button and an execution setting button. 
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The programming screen 201 is a file 
(debug.htm) written in a html format. The Web browser 
reads the file so that the programming screen 201 is 
displayed on the PC 200. The programming service 132 
5 executes a script of CGI to perform processing in 

response to operation input from the programming screen. 
In addition, the programming service 132 reflects the 
result of the processing to the programming screen and 
returns the result to the Web browser of the PC 200. 

10 More specifically, when the programming 

service 132 receives a request (such as a click 
operation) for inputting the customize program, the 
programming service 132 executes debug. cgi script. 
Although the programming service performs various 

15 processing by executing the CGI script in the present 
embodiment, the various processing can be also 
performed by using other programs called by the CGI 
script. In addition, the programming screen can be 
written in a XML (extensible Markup Language ) format. 

20 The reference button is a button for 

referring to the customize program stored in a memory 
area of the PC 200. By pushing the reference button, 
directories of the PC 200 are displayed. If the user 
specifies a customize program in a directory, the file 

25 name of the customize program is displayed in the file 
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name field. When the reference button is pushed, the 
PC 200 may refer to a directory in a recording area of 
the compound machine such as the HDD 103. 

By clicking the upload button, the customize 
5 program is uploaded to the compound machine 100. The 
program input field is a field for inputting the 
customize program. In the program input field, the 
customize program can be input directly into the PC 200 
by using an input device such as a keyboard of the PC 

10 200. In addition, by specifying a program file 

existing in a directory by clicking the reference 
button, the customize program can be input. In the 
debug.htm, in the head of every line corresponding to 
the program input field, a string "program _list:" is 

15 described. 

After uploading the customize program, by 
clicking the storing button, the customize program is 
stored in the customize directory. By clicking the 
delete button, the customize program input in the input 

20 field is deleted. 

The execution setting button is used for 
associating the customize program with a button, such 
that the customize program stored in the customize 
directory can be executed in the compound machine 100 

25 by pushing the button. If the execution setting button 



is pushed, the programming service 132 searches buttons 
in a file in the customize directory for a button 
specified in the customize program by using a key code, 
so that the customize program is associated with the 
button. Then, a table in which the name of the 
customize program and the Key code of the button are 
associated with each other is generated, and the table 
is stored in the HDD 103 or in the flash memory. 

The test execution button is used for 
executing the customize program experimentally. 

Fig. 8 shows an example of the customize 
program. As shown in Fig. 8, the customize is a shell 
script of the UNIX according to the present embodiment. 
The input shell script is executed step by step by the 
shell 134 that is a command interpreter of the UNIX. 
Thus, it is not necessary to compiling and linking the 
customize program. 

In addition, in the shell script, commands 
specific for the compound machine can be used. The 
commands are provided by a development library for the 
compound machine. The script shown in Fig. 8 shows an 
example for reading a document by using a scanner 
(scanimage) , decompressing image data that is 
compressed to TIFF format (decomp) , and performing 
character recognition process for the decompressed 
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image data (ocr) . Then, the recognition result is sent 
by e-mail as text data (mail) . In this script, the 
commands u scanimage", "decomp", and "ocr" are provided 
by the development library. A button (key) for 
5 executing the shell script can be specified in the 
customize program. 

In the programming screen (debug.htm) 
displayed on the Web browser of the PC 200, when the 
customize program stored in the PC 200 is specified by 

10 clicking the reference button or when the customize 

program is directly input in the program input field, 
and the upload button is clicked, a request message is 
sent to the programming service 132 of the compound 
machine from the Web browser. "debug.htm" is included 

15 in the message body of the request message, and the 

debug.htm includes a description for calling debug. cgi. 
Thus, when receiving the request message, the 
programming service 132 analyzes the request message 
and executes the debug. cgi. 

20 In the following, the process procedure in 

the compound machine 100 that received the request 
message will be described. Fig. 4 shows a flowchart 
showing the procedure . 

The httpd 106 always monitors port 80, and 

25 receives the request message via the port 80 from the 
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PC 200 in step S301. Then, the httpd 106 reads the 
received request message, and writes the request 
message in the shared memory 105 in step S302 . Next, 
httpd 106 notifies the NCS 120 that the the httpd 
5. received the request massage in step S303. 

The NCS 128 notifies the programming service 
132 that the NCS 128 received the request message in 
step S304. The notification triggers the programming 
service 132 to refer to the shard memory 105 and reads 

10 the request message in step S305. Then, the 

programming service 132 analyzes the information in the 
request message in step S305, and executes processing 
according to the information described in the message 
body of the request message in step S307. If the 

15 message body of the html description includes 

information instructing to execute a CGI program, the 
corresponding CGI is executed. 

Then, the programming service 132 returns the 
execution result to the PC 200 as a response message 

20 via httpd 106 in step S308. 

Next, processing of debug. cgi performed by 
the programming service 132 will be described. Fig. 5 
is a flowchart showing the operation of the debug. cgi. 
The programming service 132 may include the program 

25 debug. cgi, or the debug. cgi may exist in the outside of 
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the programming service 132. In the following, the 
case where the programming service 132 includes the 
debug . cgi . 

The programming service 132 reads debug.htm 
5 line by line from the top in step S401. Then, the 
programming service determines whether the line 
indicates the program input field by checking whether 
the line includes a string ^program_list: ,r in step S402 . 

If the programming service 132 determines 
10 that the line indicates the program input field, the 
programming service 132 writes the line in a program 
file in step S403, and sends the line to the PC 200 in 
step S404. 

The programming service determines whether 
15 the line is the last line in step S405. If the line is 
the last line, the processing ends. If the line is not 
the last line, the above-mentioned processing is 
performed for the next line. Accordingly, the program 
file is generated and the program is displayed on the 
20 Web browser of the PC 200. 

In addition to the above-mentioned method, 
there are various methods to send a program input into 
the PC 200 to the compound machine. For example, by 
pushing the upload button, the PC 200 stores the input 
25 program in a program file and sends the program file to 
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the compound machine. The compound machine stores the 
program file in an area and sends the contents in the 
program file to the PC 200 as necessary. 

As mentioned above, the customize program 
5 input from the programming screen 201 is uploaded in 
the compound machine 100, and the customize program 
that is uploaded is displayed. After that, the storing 
button, execution setting button, and the test 
execution button becomes operable. When a button in 

10 the buttons is clicked, the programming service 132 
performs following processes. 

Fig. 6 is a flowchart showing an operation of 
the programming service 132 when one of the storing 
button, execution setting button and test execution 

15 button is clicked in the programming screen 201. This 
processing is written by Java Script as a CGI script in 
the programming service 132. The PC 200 detects button 
operation on the programming screen 201 as an event, 
and the PC 200 sends the event to the programming 

20 service. The programming service 132 executes a Java 
script according to the event. In the following, the 
case where the Java script is included in the 
programming service 132. 

The programming service 132 determines the 

25 type of the button that is clicked in step S501. When 
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the storing button is clicked on the programming screen 
201, the programming service 132 stores the customize 
program in a customize directory of the HDD 103 of the 
compound machine 100 by using a name specified by the 
5 usr in step S502 . 

Fig. 9 shows an example of the name of the 
customize program stored in the customize directly. As 
shown in Fig. 9, the directory of the HDD 103 is 
hdd/xxx/opepane in which the customize programs shelll, 
10 shell2, and shell3 are stored. 

When the execution setting button is pushed 
on the programming screen 201, the programming service 
132 associates the customize program with the button in 
step S503. 

15 Fig. 10 shows an example of the key, 

association table. As shown in Fig. 10, key codes of 
buttons are associated with customize program names. 
When the test execution button is pushed at the 
programming screen, the programming service 132 

20 executes the customize program in step S504. This test 
execution is realized by issuing a command for 
executing the customize program by the shell. 

At this time, a screen same as that displayed on the 
operation panel 210 is displayed on the browser in the 

25 PC 200. This is realized in the following way, for 



example. The programming service 132 obtains drawing 
instructions issued by executing the customize program 
for the operation panel screen, and sends instructions 
to the PC 200 such that a screen same as the screen 
that appears on the operation panel by the drawing 
instructions is displayed on the PC 200. 

If an error occurs by the test execution, the 
user amends the program on the PC 200, uploads the 
amended program and executes the program again. 

Next, processing for executing the customize 
program generated in the above-mentioned way will be 
described. Fig. 11 shows a flowchart showing a 
procedure from power on of the compound machine 100 to 
the execution of the customize program. 

After the customize program is stored in the 
customize directory and the launch setting file 211 is 
set, the user turns on the power of the compound 
machine 100. The compound machine 100 diagnoses the 
hardware by using the ROM monitor in step S1001. After 
that, the general OS 121 is launched in step S1002, and 
the compound machine initialization part 129 is 
launched in step S1003. The compound machine 
initialization part 129 launches the control services 
in step S1004, and launches existing applications such 
as the copy application 112, printer application 111 
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and the like that are already included at the time of 
shipment of the compound machine in step S1005. Then, 
the program launch part 131 is launched for launching 
an external application developed after the shipment of 
5 the compound machine in step S1006. 

The program launch part 131 refers to the 
launch setting file 211 of the HDD 103 in step S1007 to 
obtain the name of the program to be executed. 

Fig. 12 is an example of the launch setting 

10 file 211. As shown in Fig. 11, in the launch setting 
file 211, a program to be launched by the program 
launch part 131 is registered as "program name, 
customize program name". In the example shown in 
Fig. 12, the shell program of a shell script is 

15 registered first, and after that, xxx application is 
registered as an external application. 

When the user pushes (touches) the button 
(key) associated with the customize program among 
buttons displayed on the operation display part in the 

20 operation panel 210, the customize program which is a 
shell script is executed by the shell. More 
specifically, the programming service 132 obtains 
pushed information of the button, and refers to the key 
association table, so that the programming service 132 

25 obtains a file name of the customize program 



corresponding to the button. Then, the programming 
service 132 executes the customize program. The 
customize program can be also executed by setting the 
name of the customize program in the launch setting 
file. 

As mentioned above, according to the compound 
machine of the first embodiment, the programming 
service 132 causes the PC 200 to display the 
programming screen to input the customize program. 
Then, the shell 134 executes the customize program. 
Accordingly, in the development of the customize 
program, the customize program can be added or amended 
from the programming screen, and the customize program 
can be executed on the compound machine without 
compiling and linking. Therefore, the program can be 
produced easily. 

In addition, according to the compound 
machine of the first embodiment, since the input of the 
customize program can be performed from the PC 200, the 
customize program can be produced efficiently compared 
with inputting the customize program from the compound 
machine 100. 

In the first embodiment, the Internet 220 is 
used for connecting PC 200 and the compound machine. 
Instead of the Internet, LAN can be used. In addition, 
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other protocols other than the TCP/IP can be used. 

In addition, the PC 200 may have a program 
for displaying the programming screen and sending the 
customize program instead of receiving the debug.htm 
5 file from the compound machine. 
(Second embodiment) 

In the first embodiment, the customize 
program is produced in the PC 200 and the program is 
stored in the compound machine 100. On the other hand, 

10 the customize program is input from the operation panel 
of the compound machine in the second embodiment. 

Fig. 13 is a block diagram showing the main 
configuration of the compound machine of the second 
embodiment. The other configuration of the compound 

15 machine is the same as that of the compound machine of 
the first embodiment shown in Fig. 2. As shown in 
Fig. 13, the compound machine 1100 of the present 
embodiment includes a programming service 1132, an 
interpreter (shell) 134 and the HDD 103. 

20 The programming service 1132 displays a 

programming screen on the operation display part of the 
operation panel 210. The user can input a customize 
program from the programming screen. In addition, the 
programming service 1132 stores the input customize 

25 program in a customize directory 212, in which the 
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customize directory 212 is a customize area of the HDD 
103. In addition, the programming service 1132 
registers the customize program in the launch setting 
file such that the customize program can be executed on 
5 the compound machine 1100. 

Capabilities of the compound machine 
initialization part 129, the program launch part 131, 
the launch setting file 211 and the customize directory 
are the same as those of the compound machine 100. 

10 Fig. 14 shows an example of the programming 

screen 1101. The programming screen is displayed from 
the system initialization setting screen by selecting a 
tag of "programming" . 

Like the corresponding screen of the first 

15 embodiment, the programming screen 110 shows the input 
field, the reference button, the storing button, the 
execution setting button and the test execution button. 
On the programming screen 1101, a software keyboard is 
displayed on the operation display part. By using the 

20 software keyboard, the customize program can be input 
from the input field. 

However, it is difficult to directly input 
the customize program since the area size of the 
operation display part is small and data input from the 

25 operation display part is not easy. Therefore, it is 
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desirable to store the customize program in an area of 
a recording medium such as the HDD 103 via network and 
to perform only easy modification of the customize 
program by using the software keyboard. That is, by 
5 selecting the customize program by pushing the 

reference button on the programming screen 1101, the 
customize program is displayed in the input field. 
Then, the user can modify the customize program by 
displaying the software keyboard. 
10 After the development of the customize 

program is completed, the storing button, is pushed. 
Accordingly, like the first embodiment, the programming 
service 1132 stores the customize program in the 
customize directory of the HDD 103. In addition, like 
15 the first embodiment, by pushing the execution setting 
button, the programming service 1132 associates the 
customize program and a key code of a button (key) 
- specified by the customize program, and stores a table 
indicating the association. Execution processing of 
20 the produced. customize program is the same as that of 
the first embodiment. 

As mentioned above, according to the compound 
machine 1100 of the second embodiment, the programming 
screen 1101 is displayed on the operation display part 
25 of the operation panel 210, and the customize program 
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can be input from the screen. Thus, by using the 
standalone compound machine 1100 that is not connected 
to the network, the customize program can be produced. 
(Third embodiment) 
5 According to the compound machine of the 

first and second embodiments, the customize program 
associates the customize program with a button (key) of 
the operation display part by using a description in 
the customize program. According to the third 

10 embodiment, correspondence between the customize 

program and the button (key) is dynamically established 
at the time when the compound machine is powered on. 

Fig. 15 is a block diagram showing the 
functional configuration of the compound machine 1300. 

15 In the same way as the first embodiment, the customize 
program of a shell script is produced in the PC 200, 
and the customize program is stored in the HDD 103 and 
executed by the compound machine 1300. 

As shown in Fig. 15, the configuration of the 

20 compound machine of this embodiment is different from 
that of the first embodiment in that the compound 
machine 1300 has an operation panel registration part 
133 . 

The operation panel registration part 133 
25 assigns a button (key) to the customize program for 
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executing the customize program. That is, by pushing 
(touching) a button assigned by the operation panel 
registration part 133, the customize program is 
executed. 

5 The procedure for producing and storing the 

customize program of this embodiment is the same as 
that of the first embodiment. In the following, the 
method for assigning the* button to the customize 
program will be described. The user turns on the power 

10 of the compound machine 100 again after the customize 
program is stored in the customize directory in order 
to assigning the customize program to a button (key) . 

Fig. 16 is a flowchart showing a procedure 
from power on of the compound machine 1300 to the 

15 completion of assigning the button. The steps from 

power on to the launch of the program launch part 131 
(steps S1501-S1506) are the same as the corresponding 
steps of the compound machine of the first embodiment. 

The launched program launch part 131 refers 

20 to the launch setting file 211 in the HDD 103 in step 
S1507, and obtains a name of a program to be launched. 
Fig. 17 shows an example of the launch setting file 211 
used in this embodiment. In this example, a program of 
the operation panel registration part, the shell and an 

25 external application (xxx application) are set as 
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programs to be launched. 

Therefore, the program launch part 131 
launches the program of the operation panel 
registration part 133 first in step S1508. The program 
5 of the operation panel registration part 133 is stored 
in the customize directory beforehand. Next, the 
interpreter (shell) 134 is launched in step S1509. 
Finally, the external application is launched in step 
S1510 . 

10 The launched operation panel registration 

part 133 displays a setting screen for key assignment 
on the operation panel in step S1511. Fig. 18 shows an 
example of the setting screen. As shown in Fig. 18, 
buttons that can be assigned are displayed for each 

15 customize program on the setting screen. When the user 
pushes a button for a customize program, the operation 
panel registration part 133 associates the button with 
the customize program, and stores the association 
information in a recording medium such as the HDD 103 

20 or a flash memory as a table in step S1512. 

Accordingly, the button is assigned to the customize 
program. 

As mentioned above, according to the compound 
machine of the third embodiment, the programming 
25 service 132 displays the programming screen 201, so 
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that the user inputs the customize program. Then, the 
operation panel registration part 133 assigns a button 
(key) to the customize program. By launching the 
operation panel registration part 133 when the compound 
5 machine 1300 is powered on, a button for launching the 
customize program can be dynamically determined at the 
time when the compound machine 1300 is launched. 

Although the operation panel registration 
part assigns the button to the customize program in 

10 this embodiment, a control service such as the SCS 122 
also can assign a button to the customize program. By 
using the SCS 122 for the assignment, a program for the 
operation panel registration part 133 is not necessary 
and the processing becomes efficient. 

15 (Fourth embodiment) 

According to the compound machines 100, 1100 
and 1300 of the first to third embodiment, the 
customize program is executed by the shell 134 which is 
a command interpreter of UNIX. On the other hand, 

20 according to the fourth embodiment, the customize 

program is executed by using an interpreter other than 
the shell 134. 

Fig. 19 shows a network configuration 
including a compound machine 1700 of the fourth 

25 embodiment. Fig. 20 shows a block diagram showing a 
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functional configuration of the compound machine 1700. 
Like the first embodiment, the compound machine 1700 is 
connected to the Internet. in addition, the customize 
program can be input and can be debugged from the PC 
5 200 that is a client terminal connected to the Internet. 
As an example of the customize program, there is a 
program in which buttons are displayed on the operation 
display part, when a button is pushed, processing 
corresponding to the button is executed. 
10 According to the compound machine 1700 of the 

present embodiment, the customize program is written by 
using the Visual Basis language. Then, the customize 
program is executed by using the Visual Basis 
interpreter . 

15 As shown in Fig. 19, the compound machine 

includes the compound machine initializing part 129, 
the program launching part 131, the programming service 
132, the Visual Basis interpreter 1734 (referred to as 
VB interpreter 1734 hereinafter), the NCS 128, the 

20 httpd 106, the shared memory 105 and the HDD 103. 

Capabilities of the compound machine initializing part 
129, the program launching part 131, the programming 
service 132, the NCS 128 and the httpd 106 are the same 
as those of the first embodiment. In addition, the 

25 contents in the launch setting file 211 stored in the 



HDD 103 and the customize directory are the same as 
those of the first embodiment. 

The VB interpreter 1734 interprets and 
executes the customize program step by step. Producing 
and storing the customize program in this embodiment 
are performed in the same way as the first embodiment. 

in the compound machine 1700, it is necessary 
to launch the VB interpreter 173 4 to execute the 
customize program. Therefore, the launch setting file 
211 includes the program name of the VB interpreter 
1734. 

Fig. 21 shows an example of the launch setting 
file.. As shown in Fig. 21, "VB interpreter" is set in 
the first line of the launch setting file 211. Thus, 
the program launch part 131 launches the VB interpreter 
1734 by referring to the launch setting file 211. 
Accordingly, the customize program can be executed. 

According to the compound machine of the 
fourth embodiment, the customize program can be 
executed by the VB interpreter that runs under the 
general OS 121, the customize program can realize more 
advanced features compared with the program runs under 
the shell. Thus, advanced program can be easily 
produced . 

In the fourth embodiment, the PC 200 may 



include a Visual Basis development environment 
including the VB interpreter. By including the Visual 
Basis development environment in the PC 200, the 
development of the customize program, including 
designing LCD panel screen, can be performed on the PC 
200. Then, the developed program can be sent to the 
compound machine, for example, by using a file transfer 
protocol, so that the program is stored in the compound 
machine . 

Other than the Visual Basic, other 
interpreter language can be used. For example, Java 
can be used. In the first to fourth embodiments, the 
programming service 132 can be included in the 
application layer instead in the control service layer. 
(Fifth embodiment) 

The compound machine of the fourth embodiment 
executes the customize program by using an interpreter 
operating under the general OS 121. According to the 
compound machine 1800 of the fifth embodiment, the VB 
) interpreter 1801 and the VB application 1802 are 
included in the application layer. 

Fig. 22 shows a block diagram of the 
functional configuration of the compound machine 
according to the fifth embodiment. The compound 
5 machine of the fifth embodiment is connected to the 
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Internet using TCP/IP in the same way as the fourth 
embodiment. According to the compound machine, a user 
can input the customize program and debug the customize 
program from the PC 200 that is a client terminal 

.5 connected to the network. In the fifth embodiment, the 
produced customize program is executed by the Visual 
Basis interpreter (referred to as VB interpreter 
hereinafter) included in the application layer. In the 
configuration, the programming service 132 may be 

10 included in the application layer. 

In this embodiment, the VB application is 
developed on the PC 200 in which a Visual Basis 
development environment is installed. The developed VB 
application is transferred to the compound machine, and 

15 the compound machine stores the VB application. 

Selected on the operation panel, the VB application is 
launched, so that the VB application is executed by the 
interpreter 1801. Next, this embodiment will be 
described in more detail . 

20 Fig. 23 shows an example in which a VB 

application is developed by using the Visual Basis 
development environment on the PC 200. 

In the screen, two windows are shown. The 
title of one window is Proj ect 2 -Form 2 (Form) , and the 

25 title of another window is Proj ect 2 -Form 2 (Code) . The 
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window of Project 2 -Form 2 (Form) is used for producing 
a menu screen displayed on the operation panel of the 
compound machine. As shown in Fig. 23, three buttons 
are set. The buttons are "SCAN" , "FAX" and "START". 
5 The application program is designed such that scanning, 
fax sending or the like is performed when a 
corresponding button is pushed on the operation panel. 

The window of Pro j ect 2 -Form 2 (Code) is for 
producing a program for performing scanning, fax 
10 sending or the like when a button in the screen is 
pushed. 

When the program is stored in the state shown 
in Fig. 23, two files of Project2.vbp and Form2.frm 
are produced. The Project2.vbp stores information for 
15 managing a project and conditions for executing the 
program as variable values. 

The Form2.frm is the program to be 
interpreted by the VB interpreter 1801. The VB 
application is uploaded from the PC 200 by using the 
20 programming service 132 in the compound machine from 
the PC 200. 

When a test execution button is pushed in the 
. programming screen 201, the VB interpreter 1801 in the 
compound machine is launched, and the VB application is 
25 executed. At this time, a screen same as that 
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displayed on the operation panel 210 is displayed on 
the browser operating in the PC 200. 

Figs. 24, 25 shows an example of the VB 
application to be executed by the VB interpreter 1801. 
5 When the VB program shown in Fig. 24 is executed on the 
compound machine, a window including a NEXTWIN button 
is displayed first. If the NEXTWIN button is pushed, a 
function NN change_display { "Form2 " ) " is executed by 
call ( "change_display" , "Form2"), so that the screen is 
10 changed to a next screen {Form2 window) . 

Fig. 25 shows a VB program for displaying the 
Form2 window. The VB program of Form2 corresponds to 
the screen in Fig. 23. 

In the Form2 window, when the SCAN button is 
15 pushed, following program is executed. 

call ("ScanStart" , A4 , ADF, TIFF, BINARY, "/work/ 
tmpfile. tif ") 

gwOpItemCreate (win, MESSAGE_ITEM, 

ITEM_MESSAGE_X, 0, 
20 ITEM_MESSAGE_Y, 12, 

ITEM_MESSAGE_WIDTH, 100, 
' ITEM_MESSAGE__HEIGHT , 12, 
ITEM_MESSAGE J3ENTER_X , 0 , 
ITEM_MESSAGE_BLINK, 0 , 

25 ITEM_MESSAGE, "character string" , 0, 



-49- 



ITEM_MESSAGE_FONT , F0NT_12 , 0,0); 
The first ScanStart function means reading an 
A4 size document from an ADF to a binary image, and 
storing the binary image in a file » /work/tempf ile" on 
5 the HDD by using TIFF format. The VB interpreter 1801 
interprets the function and causes the compound machine 
to operate in the above-mentioned way. 

"gwOpItemCreateO " in the next line is a 
function provided by the OCS 126 of the compound 
10 machine. By this function, a character string is 
displayed on a current screen. The function 
gwOpItemCreateO is executed by a function call to the 
OCS 126 by the VB interpreter 1801. 

To execute the VB application produced in the 
15 above-mentioned way, the VB interpreter and the VB 

application are set in the launch setting file shown in 
Fig. 11, so that the VB interpreter and the VB 
application are launched in the same way as shown in 
Fig. 10 . 

20 Following processes are performed for 

displaying a screen on the operation panel when the VB 
application is executed on the compound machine. First, 
the VB interpreter 1801 waits for screen drawing a 
preparation end event from the SCS 122. When the VB 

25 interpreter 1801 receives the event, the VB interpreter 
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1801 generates a window image to be displayed initially 
(root window generation) . Next, the VB application 
prepares initial screen by executing functions for 
generating a child window in the root window and for 
5 displaying character strings. Then, by executing a 

function for indicating end of screen preparation, the 
VB application notifies the SCS 122 of the end of the 
screen preparation. Next, when an application 
selection button is selected on the operation panel, 

10 the SCS 122 issues an event for requesting change of 
the owner of the operation screen. When the VB 
application receives the event, the VB application 
executes a function for indicating that the VB 
application can be the owner of the operation screen. 

15 At this time, the initial screen is displayed. After 
that, the VB application is substantively executed by 
the VB interpreter 1801. 

As mentioned above, according to this 
embodiment, the application can be developed 

20 efficiently by using the VB interpreter. 
(Sixth embodiment) 

The compound machine of the fifth embodiment 
is configured such that the VB interpreter is loaded on 
the application layer. The compound machine of the 

25 sixth embodiment is configured such that a Java 
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execution environment is included as an application. 

Fig. 26 shows a block diagram of the compound 
machine 1900 of the sixth embodiment. As shown in the 
figure, the compound machine 1900 includes a Java 
5 execution environment 1901 and a Java application 1902 
in the application layer. The Java application is 
developed by using a PC (personal computer) and the 
Java application is downloaded in the compound machine. 
Then, the Java application is executed by using the Jva 

10 execution environment 1901. 

Fig. 27 shows the configurations of the Java 
development environment in the PC and the Java 
execution environment in the compound machine 1900. 

As shown in the figure, the Java execution 

15 environment includes a class library 1911, a virtual 
machine 1912, and an application management part 1914. 

The class library 1911 is a class library 
used for providing services for the Java application to 
operate the compound machine easily. The class library 

20 of this embodiment includes, for example, operation 

panel classes, event classes, compound machine control 
classes, network transaction classes, basic Java 
classes and the like. The Java application itself is a 
set of classes, and the classes refer to classes in the 

25 class library so that the Java application performs its 
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processing. If the Java application includes all 
capabilities of classes of the class library used by 
the application, the Java execution environment may be 
configured without the class library. 
5 Source code of a Java program is compiled to 

byte code as intermediate code. The virtual machine 
1912 interprets and executes the byte code. 

The application management part 1914 has 
capabilities for managing Java applications. For 

10 example, the capabilities include listing of Java 

applications, execution management of Java application 
such as launch and forced termination, load and upgrade 
of Java application, deletion of installed Java 
application, password setting for application 

15 registration and the like. 

More specifically, as shown in Fig. 28, the 
execution environment further includes a native program 
interface 1913. The native program interface 1913 has 
capabilities for the Java code executed by the virtual 

20 machine 1912 to operate with applications or libraries 
written by other programming language such as C . By 
using the mechanism of the native program interface 
1913, the Java application can access APIs of control 
services. 

25 Similar to the Java execution environment, 
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the Java development environment includes a class 
library 1921, a virtual machine 1922 and an application 
management part 1924. Further, the Java execution 
environment includes a Java compiler 1925 for 
5 generating the byte code and an emulator 1923 for 

emulating operations of the compound machine running 
the Java application. The Java application developed 
by the Java development environment can be loaded into 
the Java execution environment of the compound machine 
10 via a recording medium such as IC card and the like. In 
addition, the Java application can be loaded via a 
network . 

For example, as shown in Fig. 29, by storing 
Java applications developed by the Java development 

15 environment in a Web server, the Java execution 

environment can access the Web server to load a Java 
application. Instead of the Web server, a FTP server 
can be used. 
(Development of Java application) 

20 Next, development of Java application in the 

Java development environment will be described in 
detail . 

Fig. 30 shows a flow of Java application 
development. As shown in Fig. 30, first, source code of 
25 Java is produced as a Java file. Then, the source code 
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is compiled by the Java compiler to generate a class 
file. Then, a plurality of class files are archived to 
a Jar file. It is desirable to include a file 
indicating a class having "main" routine. 
5 Debugging of the Java application is 

available by executing the Java application on the 
compound machine in the same way as the previously 
described embodiments. According to this embodiment, 
debugging is available without the target compound 

10 machine by using the emulator 1923 shown in Fig. 27. It 
is relatively easy to emulate the execution environment 
when Java is used since Java uses the virtual machine. 
After development of the application by using the 
emulator is completed, the Java application (byte code) 

15 is loaded into the compound machine via a network or 
via an IC card. Then, evaluation of the application 
can be performed on the compound machine. 

The emulator can be configured such that the 
emulator receives instructions from the Java 

20 application and operates the PC according to the 

instructions. For example, for an instruction for 
displaying data on a display part of the operation 
panel, the emulator causes the PC to display a screen 
same as the screen to be displayed on the display part 

25 of the compound machine. The PC does not have engines 
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(scanner, printer and the like) that are included in 
the compound machine. Therefore, for example, for a 
print instruction from the Java application,, the 
emulator causes the PC to display an image showing 
5 printing, or the emulator causes the PC to actually 

print out a paper to a default printer. When the user 
pushes a copy button in an emulated screen on the PC, 
for example, the emulator causes the PC to notify the 
user to select a file to be copied from a local file 

10 system, and causes the PC to display a dialog box to 
input copy destination, and causes the PC to copy the 
selected file to the copy destination. 

The emulator can be implemented as a separate 
program from the virtual machine and the class library 

15 as shown in Fig. 27. In addition, the emulator can be 
also implemented as a class in the class library as 
shown in Fig. 31. 

Fig. 32 shows an operation panel screen 
displayed on the PC by the emulator. The elements such 

20 as buttons displayed on the screen are equivalent to 

those of the actual compound machine. In addition, the 
emulator has capabilities of a loader for selecting a 
Java application stored in the PC and executing the 
selected Java application. If the emulator executes 

25 the loader capability, for example, a screen shown in 



Fig. 33 is displayed. Then, the user selects a Java 
application, and the Java application is executed by 
pushing the execution button. The Java application 
displayed on the screen is a class name having main 
routine or a name of a Jar file. 

The emulator also has a capability for 
logging state information of an application operating 
on the emulator. In addition, messages to be logged 
can be set. For example, the user can set the emulator 
such that only serious errors that may abnormally 
terminate the application are logged, or, detailed 
information that can be used for debugging are logged. 

Debugging by using the emulator can be 
applied to other embodiments of the present invention. 
That is, for example, in the first embodiment, PC 200 
may include the interpreter and an emulator similar to 
that of the present embodiment. After debugging of a 
program ends, the program is sent to the compound 
machine to evaluate the program by accessing the 
) compound machine . 

(Example of Java application) 

Next, an example of Java application will be 
described. The following example is a sample program 
of Java using operation panel classes. Fig. 34 shows a 
5 hierarchical structure of the operation panel classes. 
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In Fig, 34, the classes of ***Window are classes for 
producing a window, and the classes of ****Item are 
classes for producing elements such as buttons in the 
window. For example, a program including following 
5 code can make a main window and elements in the window 
shown in Fig . 35 . 

mainwindow = newPanelWindow (panel . root (), 640 , 240) ; (a) 
Messageltem msg = new Messageltem (20 , 20, 600, 40) ; (b) 
Buttonltem Button = new Buttonltem ( 10 , 60, 80, 30); (c) 

10 (a) is code for making the main window of 640 

dot width and 240 dot height. (b) is code for 
producing a message item of 600 dot width and 40 dot 
height at a position (20, 20). (c) is code for making 
a button of 80 dot width and 30 dot height at (10, 60) . 

15 The program shown in Fig. 36 is for 

implementing a user interface on the operation panel of 
the compound machine. As shown in Fig. 37, the program 
displays messages of "Hello World" and "Your Input Was 
..." and a button of "Get Input...". When the user touches 

20 the button "Get Input...", a soft keyboard is displayed 
on the panel. The soft keyboard displays a title of 
"Add your Input" to invite the user to input code. 
When the user input a string, "ABCD1", for example, 
from the soft keyboard, the string, "ABCDl" is 

25 displayed under the message of "Your Input Was ..." . 



In the following, the sample program shown in 
Fig. 36 will be described along the number of remarks. 

(1) is an instruction for using the operation 
panel class library. (2) indicates inheriting GWApp, 
so that application class of the compound machine can 
be used. in addition, by inheriting GWApp, the user do 
not need to write code for complicated initialization 
and end processing, in addition, processing such as 
message receiving can be hidden to the user. By the 
code of (3), an object for displaying the message of 
"Hello World" is generated. By the code of (4) , a 
button object of "Get Input ..." is generated. Then, 
by the code of (5), an object for displaying a message 
of "Your input Was..." is generated. By the code of 
(6), an message object for displaying characters input 
from the soft keyboard is generated. 

(Execution of Java application in Java execution 

environment) 

In the configuration shown in Fig. 27, by 
using capabilities of the application management part 
1914, processing from download to application execution 
can be performed in the following way. 

The application management part 1914 is 
launched at the time of launch of the compound machine 
like the other applications. By pushing an application 
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launch key, for example, the application management 
part 1914 displays a user interface on the operation 
panel. At this time, if a Java application is not 
loaded, the application management part 1914 displays 
5 an application load screen. From the application load 
screen, the user causes the compound machine to access 
a predetermined Web site or an IC card to load the Java 
application into the compound machine. 

In the processing of loading, before loading 

10 the Java application, the application management part 

1914 inquires of the Web server information on the Java 
application to check whether the Java application can 
be installed. For example, the application management 
part 1914 checks program size, version, program latest 

15 update information, memory work size to be used, 

storage size to be used, network address to be used, 
available term of the application (number of times the 
application can be used) , application program name and 
the like. 

20 After checking the above items, if the 

application management part determines that the 
application is installable, the application management 
part 1914 downloads the Java application file into the 
compound machine. 

25 After the download of the Java application 
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program ends, the application management part obtains 
application name and add the name to an application 
list. At the same time, the Java application is stored 
in the hard disk of the compound machine. 
5 By completing the above processing, the Java 

application can be used. When the user selects a Java 
application from a Java application launch screen 
provided by the application management part 1914, the 
virtual machine is launched and the Java application is 
10 executed. 

The Java application cab be also executed in 
the following way. The following method is an example 
in which the Java application is loaded from the Web 
server in the configuration shown in Fig. 29. Following 
15 processing is executed by a loader (program) including 
in the application management part 1914. The loader 
itself can be implemented as a Java application, or can 
be implemented by using other language such as C 
language . 

20 Fig. 38 shows a conceptual illustration from 

upload to download of the Java application. As shown 
in Fig. 38, the Java application that has been developed 
and tested in the Java development environment is 
uploaded to a Web server in step 1. The loader of the 

25 compound machine accesses the Web server in step 2, 
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downloads the Java application the user wants in step 3, 
and the Java application is executed. 

Next, processing procedure of the loader will 
be described with reference to a flowchart of Fig. 39. 
5 The user pushes a predetermined button for 

changing application. Then, the loader checks if a 
Java application is already loaded in step Sll. If the 
Java application is already loaded, the Java 
application is executed in step S12. Then, a user 

10 interface of the Java application is displayed. If the 
Java application is not loaded, a screen of the loader 
is displayed in step S13. Also when execution of the 
Java application ends, the screen of the loader is 
displayed. In addition, while the user interface of 

15 the Java application is displayed, if the user inputs 
predetermined code and pushes a predetermined button, 
the screen of the loader can be displayed. 

Fig. 40 shows a screen of the loader displayed 
on the compound machine. The loader displays a Java 

20 application name if the Java application is currently 
loaded in the compound machine, and displays frequency 
for checking update of the Java application in the Web 
server . 

On the screen of the loader, when the user 
25 touches the button of "load application" , an 



application load window shown in Fig. 41 is displayed in 
step S14. URL of the Java application is input in the 
window. For inputting the URL, the user touches the 
URL button to display a soft keyboard. Then, the user 
types the URL by using the soft keyboard. In addition, 
by touching the URL button, the loader may displays a 
list of Java applications shown in Fig. 42. Then, the 
user can selects a Java application from among the list. 
The user inputs a name of a class having main routine 
in the field of the class name shown in Fig. 41 as 
necessary . 

After that, by touching OK button shown in 
Fig. 41, the Java application is downloaded from the Web 
server in step S15, so that the Java application is 
executed by the compound machine. 

The loader automatically accesses the Web 
server at predetermined intervals to check whether the 
updated Java application is stored in the Web server. 
For checking the update, the loader compares date and 
time stamp of the currently loaded application with 
those of the corresponding application in the Web 
server. If an updated Java application is found, the 
currently operating application is deleted and the 
updated application is downloaded. 

To change the check interval, the user 



-63- 

touches the update interval button shown in Fig. 40 to 
display a screen shown in Fig. 43 in step S16. Then, 
the user selects hour or minute by using arrow key in 
the screen, and inputs a new interval by using numeric 
5 keys of the operation panel. 

For deleting a Java application from the o 
compound machine, the user touches "unload application 77 
button shown in Fig. 40 to display a screen shown in 
Fig. 44 in step S17. By touching the "OK" button, the 

10 Java application is deleted. The loader ends by 
touching Exit button shown in Fig. 40. 

In this embodiment, a customize program can 
be produced by connecting Java applications. The 
processing for connecting the applications will be 

15 described with reference to Fig. 45. The program for 
producing the customize program is a Java application 
that is referred to as customize application 
hereinafter. The customize application may be 
installed in the compound machine beforehand. 

20 First, by switching the screen on the 

operation panel to the loader screen shown in Fig. 40 so 
as to load and execute the customize application. 

The customize application displays a screen 1 
in Fig. 45. On the screen 1, only a paper object is 

25 shown. Other object may be input. An object can be 



input and output by using "input" button and "output" 
button. In addition, on the screen 1, an attribute 
such as read/write permission can be set for the paper 
object by "read/write permission" button. 

When the user touches "paper" on the screen 1 
a list of objects that can be connected to the paper 
object is displayed as shown in screen 2. When "scan" 
is selected, the screen 2 transfers to the screen 3. 
Then, by touching "scan", a list of objects that can be 
connected to the scan object is displayed as shown in 
screen 4. If "mail" is selected on the screen 4, the 
screen 4 transfers to screen 5. 

After that, by touching "setting" button, a 
customize program is produced in which the customize 
program performs processing for scanning a paper and 
sending the scanned image file by a mail. In addition, 
as shown in screen 6, a key is assigned to the 
customize program. By operating the key on the 
compound machine, the customize program is executed. 
The customize program is a program for executing 
connected classes one by one. 

Downloading applications from the Web server, 
and producing a customize program by connecting 
applications can be applied for other embodiments of 
the present invention. For example, in the before 
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mentioned configuration using the VB interpreter, by 
providing the compound machine with a loader similar to 
this embodiment, the compound machine can download 
applications from the server. 
5 Each of service programs and application 

programs described so far can be stored in a recording 
medium such as IC card and the like, and can be stored 
in the compound machine. In addition, each of service 
programs and application programs described so far can 

10 be stored in the compound machine from an external 
server via a network. 

As mentioned above, according to the present 
embodiment, an application can be developed efficiently 
by using the Java environments. 

15 (Seventh embodiment) 

As mentioned in the Related Art, according to 
the compound machine, applications can be added to the 
compound machine after shipment of the compound machine. 
Thus, there may by a case where a plurality of 

20 applications developed by a plurality of vendors run at 
the same time on the compound machine. In addition, 
there may by a case where an application that includes 
a plurality of modules developed by a plurality of 
sections run on the compound machine. 

25 Since each vendor develops the application by 
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using its own method, there is a possibility of 
affecting preinstalled applications and the system of 
the compound machine. Especially, if usage of shared 
variables and events of the compound machine is left to 
5 each vendor, there is a possibility that software 

failure may occur in the compound machine so that the 
system of the compound machine becomes unstable. This 
problem may arise not only for the image forming 
apparatus but also for general information processing 

10 apparatuses. 

In the following, an application and an 
information processing apparatus for solving the above- 
mentioned problem will be described. In the following, 
a compound machine will be described as an example of 

15 the information processing apparatus. 

The configuration of the compound machine of 
this embodiment is the same as that of the first 
embodiment. In this embodiment, the external 
application 117 is produced according to a state 

20 transition model. The external application 117 is 
linked with a utility library including a state 
transition model launch function. 

The process of the external application 177 
is a multi-thread environment in which a plurality of 

25 threads are executed in parallel. As shown in Fig. 46, 
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in the process of the external application 117, a main 
thread and an image library thread are executed in 
parallel. The main thread 2100 is a thread that 
executes main processing of the external application. 
5 The main thread calls the image library thread 2000, so 
that function calling to control services and VAS 
(virtual application service) , receiving the return 
values, and message sending/receiving are realized. 

In addition, the process of the external 

10 application includes a sub thread 2200, mail boxes 2110, 
220 and 2140, and an event obtaining handler (thread) 
2130. The main thread 2100 includes a utility library 
2150 in which state transition model launch functions 
are registered. 

15 The mail box 2110 is used for communication 

among the main thread 2100, the image library thread 
2000, and the event obtaining handler 2130. The mail 
box 2120 is used for communication between the main 
thread 2100 and the image liberally thread 2000. The 

20 event obtaining handler 2130 receives an event message 
from a process of a control service such as ECS or MCS 
or the VAS, and writes the event message in the mail 
box 2110. 

When the main thread 2100 accesses the 
25 control service, the main thread 2100 sets up the mail 
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boxes 2110, 2120 and 2140, then, launches the image 
library thread 2000. 

The main thread 2100 puts a command for 
function calling for the image library thread 2000 in 
5 the mail box 2110, in which the source information is 
set as MB_REQUEST. In addition, an event message from 
the control service and the like is also put in the 
mail box 2110 as a mail having source information MB_CS . 

The image library thread 2000 obtains a mail 

10 delivered to the mail box 2110 by- using a function 

rcv_msg() . The image library thread 2000 searches for 
a function corresponding to the source information and 
an event or function information included in the mail. 
If the function is detected, the library thread 2000 

15 executes the function. If the function is not detected, 
nothing is done. 

The obtained mail is transferred to the mail 
box 2120 irrespective of execution of the corresponding 
function. In addition, the image library thread 2000 

20 puts a mail having source information of MB_IMAGE , in 
the mail box 2120, as a notification of error 
information, execution result, progress and the like to 
the main thread. In the same way, the main thread 2100 
and the sub thread 2200 send and receive messages by 

25 using the mail boxes 2140 and 2120. 
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The utility library 2150 and the image 
library are provided as an installable file stored in a 
recording medium such as a CD-ROM or FD . The file is 
provided as a part or whole of a tool kit for software 
5 development such as "SDK : Software Development Kit" . 
In addition, the utility library 2150 and the image 
library can be provided via network, for example, by 
downloading from a Web site. 

For producing the external application by 

10 using the utility library and the image library, the 
developer compiles the source file of the external 
application by using a compiler to produce an object 
file. Then, the object file and the utility library 
and the image library are linked by using a linker so 

15 that an execution file of the external application is 

produced. The execution file is stored in a flash card 
and the like, and is installed from the flash card into 
the compound machine, so that the external application 
having the utility library and the image library is 

20 mounted on the compound machine. In addition, the 
execution file can be installed from a server via a 
network. 

Next, the state transition model adopted by 
the external application will be described. Fig. 47 
25 shows the state transition when the external 
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application has state 1 and state 2. As shown in 
Fig. 47, assume that the main thread 2100 of the 
external application 117 includes the state 1 and the 
state 2, and current state is the state 1. At this 
5 state in which the main thread is in the state 1, if 
the main thread 2100 receives an event 1 by the 
function rcv__msg(), an event function 1 is executed so 
that the state changes to the state 2 and an entry 
function 2 is executed. When the main thread 2100 is 

10 in the state 2, if the main thread receives an event 2, 
an event function 2 is executed so that the state is 
changed back to the state 1, and an entry function 1 is 
executed. When the main thread 2100 is in the state 2, 
if the main thread receives an event 3, an event 

15 function 3 is executed and the state 2 is kept. 

The "state" means a state for waiting an 
event. The "event" is an event that triggers state 
transition. The "entry function" is a function 
executed when state transition occurs. The "event 

20 function" is a function that is executed for an event. 

For producing an external application that 
performs event processing by using the state transition 
model, if every event is processed by a single module, 
that is, if every event is processed by a state group 

25 of the same level, the number of states increases and 
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the number of events that are processed by a state 
increases. Thus, the program is complicated, so that 
productivity decreases and maintenance efficiency 
decreases . 

5 Thus, according to the present embodiment, 

modules (sub modules) of state transition models are 
produced. Each module processes only events that are 
related each other among all events occurred in the 
external application. In addition, a module of a state 

10 transition model that controls whole modules is 

provided, in which this module executes sub modules as 
necessary by calling functions. A sub module that is 
called may perform function call to execute further sub 
modules of state transition model as necessary. 

15 Each module does not use global variables 

that can be used in all of the external application. 
Instead, each module dynamically keeps a shared memory 
when the module is launched. Therefore, if the same 
module is called recursively, it is assured that the 

20 program is exactly executed. 

Fig. 48 shows an example of modules having a 
nest structure in the external application. In the 
example shown in Fig. 48, three nests (modules) exists. 
A module of nest 1 is called by an event function 

25 subl() from nest 0, and a module of nest 2 is called by 



using an event function sub2(). 

Next, specific source code of the external 
application 117 will be described. If there is a. 
shared variable shared among the entry functions and 
the event functions that are executed in modules, the 
variable can not be passed as an argument of a function 
due to limitation of function type. If such variable 
is defined as a global variable, there is a high 
possibility that a value in the variable may be 
unpredictably changed in modules of the nest structure 
or in multi threads, so that the global variable may 
cause fault in the external application. 

According to the present embodiment, a 
variable can be shared in a module of a state 
transition model and in nested modules. Fig. 49 is an 
example of definition part of the source code of the 
external application. 

As shown in Fig. 49, in the source code of the 
external application, variables that are treated like 
global variable in entry functions and event functions 
described in the same file are grouped, so that a 
structure (demoCommonParm_t) is defined shared 
variables. In addition, to access the shared variables 
easily, COMMON_STRUCT is defined. 

In addition, in the example of Fig. 49, the 
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f unctions are included as shown in Fig. 50. 

Next, processing of the state transition 
model launch function StMachine ( ) will be described. 
Fig. 51 is a flowchart showing the process procedure of 
5 the state transition model launch function StMachine (). 

When the state transition model launch 
function StMachine () receives a message, the function 
allocates areas for shared variables in step S701. 
Fig. 52 shows the allocation state of the areas of the 

10 shared variables. As shown in Fig. 52, in the present 
embodiment, the value of a stack pointer sp directly 
corresponds to a nest number. For each module (nest), 
that is, each time when the function StMachine () is 
executed in a module, a pointer to a shared variable 

15 group is stacked on a stack area. Therefore, the 

shared variable is not changed accidentally in a lower 
layer module. Thus, as shown in Fig. 52, a shared 
variable having the same name can be used like a global 
variable while keeping an accurate value of the shared 

20 variable. 

Next, the state transition model launch 
function StMachine () refers to an event function table 
of a current state to check the information of the 
table in step S702. Then, the function determines 
25 whether a received message is defined in the event 
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function table in step S703. If the received message 
is defined, the state transition model launch function 
StMachineO executes an event function corresponding to 
the received message in step S704, and executes an 
5 entry function in step S705. If the received message 
is not defined in the event function table, the event 
function is not executed. The above mentioned 
processes are repeated until the end of the event 
function table in step S706. Accordingly, the external 

10 application produced based on the state transition 
model is executed. 

As mentioned above, according to the compound 
machine of the first embodiment, the external 
application includes a plurality of modules of nest 

15 structure. In addition, the application includes the 
utility library 2150 in which the state transition 
model launch function is registered, wherein the state 
transition model launch function allocates areas each 
for a module to a shared variable shared among modules. 

20 Thus, the shared variable can be used safely among 

modules, and failures due to values of variables can be 
prevented. Thus, the compound machine can execute the 
external application stably. 
(Eighth embodiment) 

25 Since the external application is produced on 
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the basis of the state transition model according to 
the compound machine of the seventh embodiment, only- 
event functions that depended on states are executed. 
According to the compound machine of the eighth 
5 embodiment, the external application further performs 
standard processing independent of any state. The 
structure of the compound machine of the eighth 
embodiment is the same as that of the seventh 
embodiment, and the structure of the inside of a 

10 process of the eighth embodiment is the same as that of 
the seventh embodiment. 

In the compound machine of the eighth 
embodiment is configured such that a state transition 
model launch function StMachineO in the library 

15 performs standard processsing. 

Fig. 53 shows a flowchart showing a process 
procedure of the state transition model launch function 
StMachineO. The processes (steps S901-S906) from 
allocation of shared variables to execution of entry 

20 function are the same as those of the fseventh 
embodiment . 

The state transition model launch function 
StMachineO of this embodiment further refers to a 
standard function table and checks the information in 

25 step S907. The "standard function" is a function that 
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is executed irrespectively from the current state when 
receiving an event. 'For example, the "standard 
function" performs a process for an event of power off, . 
a process for notifying of presence or absence of owner 
5 authorization for an event of inquiring owner 

authorization of the application, or the like. The 
standard' function table defines standard functions 
executed for messages, and the structure of the 
standard function table is the same as that of the 

10 event function table. 

Then, the function determines whether a 
received message is defined in the standard function 
table in step S908. If the received message is defined, 
the state transition model launch function StMachineO 

15 executes an standard function corresponding to the 

received message in step S909. If the received message 
is not defined in the standard function table, the 
standard function is not executed. The above mentioned 
processes are repeated until the end of the standard 

20 function table in step S910. Accordingly, in the 
external application produced based on the state 
transition model, a standard function is executed 
irrespective of current state for an event that arrives 
asynchronously . 

25 As mentioned above, according to the compound 



machine of the eighth embodiment, since the state 
transition model launch function executes the standard 
function, an event related to the system such as power 
off event can be treated without affecting other 
applications, so that stability of the compound machine 
improves. According to the seventh and eighth 
embodiment, the shared variable can be used safely 
among modules, and failures due to values in variables 
can be prevented. 

As mentioned above, according to the present 
invention, an image forming apparatus is provided, in 
which the image forming apparatus includes: 

a program obtaining part for sending a screen 
data for inputting a program to a client terminal, and 
receiving the program from the client terminal; and 

a program execution part for executing the 
program received by the program obtaining part. 

According to the image forming apparatus , a 
program can be added or amended from an input screen of 
the client terminal, and the program can be executed 
without compiling. Thus, the operation of the program 
can be easily tested. Therefore, the program can be 
easily developed. 

The image forming apparatus may include: 

an operation display part for displaying a 
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screen and inputting information; and 

a program obtaining part for displaying a 
screen on the operation display part for inputting a 
program and obtaining the program input from the 
5 operation display part. According to the image forming 
apparatus, a program can be added or amended from an 
input screen of the image forming apparatus. 

In the image forming apparatus, the program 
obtaining part includes a Web server capability, and 

10 the image forming apparatus sends a html file as the 

screen data to the client terminal according to access 
from the client terminal. By using the Web server 
capability, the input screen data can be sent easily. 

The image forming apparatus may detect an 

15 event from the client terminal and executes a CGI 

program corresponding to the event. By using the CGI 
program, processing according to instructions from the 
Web browser can be performed efficiently. 

In the image forming apparatus, when the 

20 program is executed in the image forming apparatus, the 
image forming apparatus causes the client terminal to 
display a screen same as a screen displayed on a 
display part of the image forming apparatus. According 
to the present invention, operation of the program can 

25 be recognized in the client terminal side. 
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The image forming apparatus associates a key 
with the program according to a request from the client 
terminal or an operation display part of the image 
forming apparatus, and stores a table including 
5 correspondence between the program and the key. Thus, 
the user can assign a key to a program. 

The image forming apparatus further includes : 
hardware resources used for image forming processing; 
control services existing between the hardware 
10 resources and an application in the image forming 
apparatus; wherein the program operates as the 
application. The program performs function call to the 
control services by using the program execution part. 
In addition, according to the present 
15 invention, an information processing apparatus used for 
developing a program to be executed on an image forming 
apparatus is provided, in which the information 
processing apparatus includes: 

an execution part for interpreting and 
20 executing the program; 

an emulator for causing the information 
processing apparatus to perform processing 
corresponding to that to be performed by the image 
forming apparatus according to instructions of the 
25 program. 
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According to the present invention, since the 
emulator causes the information processing apparatus to 
emulate the image forming apparatus, the test of the 
program can be performed on the information processing 
5 apparatus, so that efficiency of development of the 
program improves . 

The execution part is a virtual machine. 
Therefor, a Java program can be executed. In addition, 
by including a compiler for converting source code of 

10 the program to code executable by the virtual machine, 
the source code can be converted into byte code. In 
addition, by providing class libraries, a Java program 
can be easily developed. 

In the information processing apparatus, the 

15 emulator causes the information processing apparatus to 
display a screen corresponding to an operation panel of 
the image forming apparatus. Therefor, the user can 
operate the information processing apparatus as if the 
user operate the image forming apparatus . 

20 In addition, the emulator causes the 

information processing apparatus to display a list of 
programs and execute a program selected by the user, 
and the emulator causes the information processing 
apparatus to print data to a printer connected to the 

25 information processing apparatus for a print 
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instruction. 

In addition, the information processing 
apparatus may receive a screen data for inputting a 
program and send the program to the image forming 
5 apparatus by using the screen data. 

In addition, an image forming apparatus that 
includes service modules for performing system side 
processing on image formation is provided, wherein 
applications can be added to the image forming 
10 apparatus separately from the service modules, the 
image forming apparatus includes: 

a virtual machine for executing an 
application; and 

an application management part for managing 
15 the application executed by the virtual machine. 

According to the present invention, an 
application executed on the virtual machine can be 
executed in the image forming apparatus. Generally, 
since the virtual machine absorbs differences of 
20 machine models, the application can be easily executed 
on the image forming apparatus . 

The image forming apparatus may include an 
interpreter instead of the virtual machine. 

In the image forming apparatus, the 
25 application management part is a loader for loading the 
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application into the image forming apparatus from a 
recording medium to be connected to the image forming 
apparatus or from a server to be connected to the image 
forming apparatus via a network. Since the loader 
5 loads the application, the application can be easily 
executed. 

The loader determines whether an application 
is already loaded in the image forming apparatus, 
executes the application if the application is loaded, 
10 and displays a loader screen if the application is not 
loaded. 

In addition, the loader displays an 
application load screen on a display part of the image 
forming apparatus and downloads an application from a 

15 location specified by the user on the load screen, and 
the loader displays a list of applications and 
downloads an application selected from the list by the 
user. In addition, the loader checks, at predetermined 
intervals, whether an application corresponding to the 

20 downloaded application is updated in the location. 

The image forming apparatus may further 
include: a connecting part for connecting applications 
and causing the image forming apparatus to perform a 
series of processes according to the connected 

25 applications. The connecting part displays, on a 
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display part of the image forming apparatus, a first 
application and a plurality of applications that are 
candidates to be connected to the first application, 
and connects an application selected from among the 
5 plurality of applications to the first application. 
Accordingly, the user can customize the applications 
visually. 

In addition, according to the present 
invention, an information processing apparatus 
10 including a utility library that is implemented in a 
program is provided , 

wherein the program includes nested modules 
in which each module is based on a state transition 
model , 

15 wherein, in the state transition model, 

operation of the program is determined according to a 
first state of the program, an event for the program in 
the state, an event function to be executed when the 
event occurs in the state, and a second state 

20 transferred from the first state after the event 
function is executed, 

wherein the utility library includes a state 
transition model launch function that assigns areas 
each for a module to a shared variable shared by the 

25 modules. 
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According to the present invention, the 
shared variable shared among the modules can be used 
safely, and failure due to values of the variables can 
be prevented, so that the information processing 
5 apparatus operates stably. 

In the information processing apparatus, the 
each area is specified by a pointer in a stack area. 
Since the stack area that is used for function calling 
is used, areas for the shared variable can be assigned 

10 efficiently. 

In addition, the state transition model 
launch function assigns areas each for a thread to a 
shared variable shared by threads. Thus, the shared 
variable can be used safely among threads. 

15 in addition, the state transition model 

launch function executes an entry function that defines 
processing performed when state transition occurs in 
the state transition model. Thus, processing that is 
performed regularly when calling a module can be 

20 executed. 

Further, the state transition model launch 
function executes a standard function that defines 
processing performed when an asynchronous event that 
occurs irrespective of the state occurs . 
25 The present invention is not limited to the 
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specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 
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